A symptom-based mass screening and testing intervention (MSTI) can identify a large fraction
part of containing infectious disease outbreaks [1, 2] . A symptom-based mass screening and 23 testing intervention (MSTI), is an approach that can identify a significant fraction of infected 24
individuals. In the current novel coronavirus (COVID-19) outbreak, China is using an MSTI 25 strategy in an attempt to identify as many cases as possible [3] . While the concept of identify, 26 isolate, and treat is not new in terms of controlling an outbreak [4] the scales at which it is 27 currently being used is. A problem for a situation such as the COVID-19 outbreak is that many 28 novel pathogens show symptoms that are similar to common infections, e.g., general respiratory 29 symptoms. Since general respiratory symptoms are common, a MSTI can quickly overload the 30 health system [5] . Strained health facilities mean reduced care for individuals with other health 31 needs. In addition, such a situation might directly lead to a worsening of the outbreak, due to 32 increased transmission at testing sites [6, 7] . We explore how the latter risk affects the potential 33 benefit of MSTI. 34
We consider a scenario where a novel pathogen has entered a population and causes symptoms 35 that are non-specific and similar to circulating pathogens, e.g., general respiratory symptoms. 36
The default is to ask individuals with symptoms to stay home and follow general precautionary 37 measures [8]. An alternative option is to implement MSTI, which requires testing anyone with 38 symptoms specific for the novel pathogen at a healthcare facility. individual is infected with the novel pathogen (probability ), we assume that they are correctly 49 identified and placed under isolation and treatment, where they have reduced transmission and 50 mortality risks, namely and . Importantly, if the health system is strained, those patients 51 arriving at the testing facility without being infected with the novel pathogen (probability 1 − ) 52 may become infected by another person in the testing facility. We denote this probability of 53 becoming infected with . Since these individuals test negative, we assume they will be sent 54 home and then have the same transmission and mortality risk as individuals asked to remain at 55 home. Thus, the total transmission potential for a person undergoing screening is = + 56
(1 − ) and the total mortality risk is = + (1 − ). 57 . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
is the (which was not peer-reviewed) The copyright holder for this preprint . https://doi.org/10.1101/2020.02.20.20025973 doi: medRxiv preprint = / = / + (1 − ) / and = / = / 0 + (1 − ) / . If that 59 expression is less than 1, it suggests that MSTI reduces transmission and mortality. If it is larger 60 than 1, the better strategy would be to not implement MSTI. 61
As a best-case scenario, we consider a situation where isolation and treatment following a 62 positive test are perfect, with = = 0 (other scenarios are explored in the SM). In that case, 63 TRR and MRR are the same and given by (1 − ) / . To keep this ratio below 1, the risk of 64 MSTI associated infection needs to be < /(1 − ). 65 For small , this is essentially a linear relationship, ≈ . This means that if the fraction of 69 those infected with the novel pathogen among those with symptoms is low, MSTI is only 70 suitable if the risk of infection associated with MSTI is less than the fraction of syptomatic who 71 carry the novel pathogen. will be low if the overall pathogen prevalence is low (e.g. early in an 72 outbreak) and if symptoms are so broad that only a small fraction of those individuals with 73 symptoms are infected with the novel pathogen. As increases, a larger MSTI associated 74 infection risk is acceptable. Once reaches a value of ≥ 0.5, MSTI becomes useful even if = 75 1, i.e. MSTI associated infection is certain. If such a high is reached because the novel 76 pathogen is widespread, MSTI is likely logistically unfeasible. If instead a high can be reached 77 by better discrimination of symptoms, MSTI can be a useful strategy. 78 factor, . For TRR/MRR the threshold at which MSTI becomes beneficial is 1, thus for the log 82
shown here this threshold is 0. Everything below this threshold indicates that MSTI is helpful, 83 above 0 it is not. Indicated in color are estimates for and ranges for 3 different pathogens 84 (see SM for details). 85
While hard numbers for the quantities and for specific pathogens or outbreaks are 86 impossible to obtain, we used previously published data to obtain very rough estimates for and 87 ranges for the COVID-19 outbreak, as well as the 2014 Ebola outbreak and a combination of 88 previous measles outbreaks (see SM for details). Those estimates are shown as colored areas in 89 the figure. For both measles and COVID-19, our estimates suggest that depending on the specific 90 . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
is the (which was not peer-reviewed) The copyright holder for this preprint . https://doi.org/10.1101/2020.02.20.20025973 doi: medRxiv preprint setting (e.g. a specific country), MSTI might or might not be beneficial. It seems more clearly 91 beneficial for Ebola, mainly due to Ebola-related symptoms that make the disease easier to 92 discriminate from other pathogens, thus leading to a higher . 93
For MSTI to be beneficial, one needs to minimize and maximize [9] . An approach to reduce 94 could be the use of dedicated testing sites separate from the usual healthcare facilities [10] . 95
Staff at those sites can be trained to follow protocols that reduce transmission risk. One could 96 also ask symptomatic individuals to call a phone number and schedule a test, instead of allowing 97 individuals to self-report at any time. With a scheduling system, crowding can be reduced, and 98 when individuals show up at the scheduled time, they can be processed rapidly, thus reducing 99 transmission risk [6] . 100 can be increased by having a more specific case definition (ideally without losing sensitivity). 101
This would reduce the overall pool of individuals with symptoms and increases among those 102 targeted for testing. More refined case definitions, screening by experts using telemedicine 103 approaches [11], or rapid home tests [12] could all be options which reduce the pool of those 104 considered at risk of being infected with the novel pathogen, thus increasing . This will also 105 reduce the total number of individuals going to testing sites, likely reducing . 106
Overall, our analysis suggests that MSTI can be useful if the probability of transmission at 107 testing sites is less than the probability that a symptomatic person is infected with the novel 108 pathogen. Both and will likely vary between settings and thus should be evaluated for a 109 specific setting, e.g. a specific country, if MSTI is considered as a potential control strategy. 110
